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Three Pillars of ESA Earth Observation 



EO Assets & Capabilities 
Long term Climate Data Archives 
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A new frontier for Altimetry. 
(P.Cippolini, eSurge) 

Traditionally, data in the coastal 
zone are flagged as bad and left 
unused 

(coastal zone: as a rule of thumb 
0-50 km from coastline, but in 
practice, any place where standard 
altimetry gets into trouble as 
waveforms are non-Brown and/or 
corrections become inaccurate) 

20 years of data  
in the coastal strip 
can be recovered! 

corrupted 
waveform 

In recent years a vibrant community of researchers has started to believe 
that most of those coastal data can be recovered  

Also important for SAR & Ka-band altimetry, having good coastal 
performance - and for coastal wave field 



Coastal	
  Al)metry	
  @ESA	
  

!  Some	
  early	
  studies	
  
!  Manzella	
  et	
  al.	
  1997	
  –	
  custom	
  wet	
  tropospheric	
  correc@on	
  
!  Crout	
  1998	
  -­‐	
  could	
  recover	
  data	
  when	
  coastal	
  topography	
  is	
  flat	
  
!  Anzenhofer	
  et	
  al.	
  1999	
  –	
  retracking	
  coastal	
  waveforms	
  
!  Vignudelli	
  et	
  al.	
  2000	
  -­‐	
  Signal	
  recovered	
  consistent	
  with	
  in	
  situ	
  data	
  	
  

ALBICOCCA  
France-Italy-UK 2001/04 
Feasibility 

ALTICORE-EU 
EU/INTAS 2006/08 
Capacity building 

ALTICORE-India 
ALTICORE-Africa 

MAP/XTRACK/MARINA 
CNES/LEGOS/CTOH, ongoing 
Integrated approach to data editing and 
filtering, multimission, dissemination  

PRODUCT DEVELOPMENT STUDIES INCLUDING WAVEFORM RETRACKING 

PISTACH 
CNES 2007-present 
For Jason-2 

COASTALT 
ESA 2008-2012 
For Envisat 

…plus several Projects funded by NASA, CNES, ESA… 

"	
  now	
  following	
  with	
  eSurge	
  	
  
(mul$mission,	
  2011-­‐2014)	
  

DATA  
available 



WWW.COASTALALTIMETRY.ORG 

WWW.COASTALT.EU 



UNFCCC 

Objective: To realise the best long term ECVs records the full potential of the long-
term global Earth Observation archives from satellites  (not just ESA but all sources 
via international collaboration) as a significant and timely contribution to the ECV 
databases required by UNFCCC. 

CCI PROGRAM 

ESA Climate Change Initiative (CCI) 



 :TOPEX/Poseidon  

Based on satellite data from ESA, CNES, EUMETSAT, NASA, NOAA, US NAVY, ISRO 



CCI product: same approach as AVISO with  
standards tuned to climate 

Level 0: Data acquisition 

Level 1: Raw telemetry 

Level 2: Altimetry data 
1) instrumental errors 
2) atmospheric propagation and perturbations 
3) Geophysical corrections 
4) POD 

Level 2: Altimetry data 
1) instrumental errors 
2) atmospheric propagation and perturbations 
3) Geophysical corrections 
4) POD 

Level 3: Cross calibration and 
Validation 

Level 4: Final products Level 4: Final products 

Same standards 
when possible  

Objective: get the best long-term trends 
and decadal variability possible. 



Global mean sea level trend Comparison with GRACE+ARGO 

 CCI Global mean sea level 
Global mean sea level  (average of AVISO, Colorado University, NOAA and GSFC data) 

(Sea level closure budget approach by 
comparison with the steric (Argo) and mass 

(GRACE) contributions + others) 



ESA Sea_Level_cci: Uncertainties 

Spatial Scales Temporal Scales GCOS* Requirements CCI product errors 

Global Mean Sea 
Level 

(10-day averaging) 

Long-term evolution  
(> 10 years ) 

0.3 mm/yr < 0.5 mm/yr  

Inter annual signals  
(< 5 years) 

0.5 mm over 1 year 
< 2 mm  

over  1 year 
Periodic signals  
(Annual, 60-days,…)  

Not defined 
Annual < 1 mm 
60-day < 5 mm 

Regional Mean 
Sea Level 

(2x2 deg boxes and 
10-day averaging) 

Long-term evolution  
(trend) 

1 mm/yr < 3 mm/yr  

Inter annual signals  
(> 1 year) 

Not Defined Not evaluated 

Periodic signals  
(Annual, 60-days,…)  

Not Defined 
Annual < 5mm 

60-day < 10 mm 
* More details to the satellite-based component of the “Implementation Plan for the Global Observing System for Climate 
in Support of the UNFCCC  (2010 Update)”  GCOS-154, December 2011) 



•  Information requested by users or climate modellers: Provide regional sea level 
trend error maps  

Sea-level error characterisation 

0 mm/yr                                       2 mm/yr 

Phase 2 on-going work  



Sea Level ECV products 

•  For the 2016 reprocessing (V2.0), several improvements 
are foreseen : 

⇒  Integration of new altimeter missions: Cryosat-2 (April 2010), SARAL/Altika 
(February 2013), Sentinel-3 (late 2015) and Jason-3 (mid 2015) 

⇒  Development, evaluation and selection of new sea level corrections and 
algorithms in order to have state of the art consistent ‘climate’ standards: use of 
new atmospheric reanalyses, new orbit solutions, new ocean tidal models, …    

⇒  Improvement of sea level calculation in Arctic ocean : increase data coverage 
near-by and under sea-ice  

⇒  Improvement of sea level calculation in 
   coastal areas 







Coastal	
  Al)metry	
  

Data	
  can	
  help	
  where	
  there	
  
are	
  no	
  in-­‐situ	
  
measurements	
  available.	
  
“Virtual	
  Tide	
  Gauges”	
  

Even	
  where	
  @de	
  gauges	
  
are	
  available,	
  al@metry	
  	
  
can	
  improve	
  the	
  accuracy	
  
of	
  numerical	
  models,	
  e.g.	
  
giving	
  extra	
  values	
  for	
  
ensemble	
  pruning.	
  



http://www.storm-surge.info/ 



•  www.storm-­‐
surge.info	
  



Setup	
  a	
  mul)mission	
  processing	
  chain	
  from	
  L1b	
  to	
  L2,	
  genera@ng	
  
specialized	
  surge	
  products	
  (TWLE).	
  
Demonstrated	
  this	
  processor	
  in	
  Near-­‐Real-­‐Time	
  for	
  Cryosat-­‐2	
  
data	
  and	
  on	
  Interim	
  GDR	
  for	
  Jason-­‐2	
  data	
  (notable	
  examples	
  for	
  
Xaver,	
  Hagupit	
  &	
  Jan	
  2015	
  North	
  Sea	
  Storm	
  ).	
  
Developed,	
  implemented,	
  validated	
  (and	
  fully	
  published)	
  a	
  new	
  
retracking	
  algorithm	
  (ALES)	
  that	
  	
  outperforms	
  standard	
  
processing	
  in	
  the	
  coastal	
  zone	
  and	
  can	
  be	
  used	
  over	
  the	
  open	
  
ocean	
  too,	
  being	
  just	
  marginally	
  sub-­‐op@mal	
  there	
  (avoiding	
  
discon@nui@es	
  that	
  usually	
  arise	
  when	
  ‘switching’	
  algorithms	
  at	
  
some	
  points	
  along-­‐track).	
  	
  

• Passaro,	
  Cipollini	
  et	
  al	
  Rem	
  Sens	
  Env	
  2014	
  
• Passaro,	
  Fenoglio,	
  Cipollini,	
  IEEE	
  TGARS	
  2015	
  
• Passaro,	
  Cipollini,	
  Benveniste,	
  JGR,	
  under	
  review	
  

Coastal	
  al)metry	
  processing	
  



NRT	
  –	
  Xaver/Bodil,	
  5/6	
  Dec	
  2013	
  



SAR in NRT for Xaver – Dec ’13 

eSurge PM 22/24 Sept  2014 

Friday 6 Dec 23:05 
Data were available on 
eSurge Server by Saturday 
lunchtime 

DMI model 

Madsen et al



Fenoglio et al., 2014
(also presented at 

CAW-8)



North	
  Sea	
  Storm,	
  10/11	
  Jan	
  2015	
  



Hornum	
  Tide	
  Gauge	
  (Sylt,	
  Germany)	
  



eSurge	
  ALES	
  J2	
  al)meter	
  profile	
  
(P.	
  Cipollini)	
  

+
Hörnum TG

Jason-2 surge
SGDR v ALES



Statistical blending Method 
•  Multivariate regression where data from 17 tide gauge stations are regressed onto the 

satellite altimetry observations (Høyer et al., 2002, Madsen & Høyer, 2007) 
•  Tide gauges selected based on the correlation with satellite observations 
•  Allows real-time sea level estimation in points where satellite data are available 
•  Sea level estimate independent upon ocean and atm. Model performance 
•  Assumes stationarity 
•  New version for eSurge uses coastal altimetry observations  



DMI’s	
  modelling	
  team	
  are	
  
collabora@ng	
  with	
  their	
  
forecasters	
  to	
  see	
  how	
  
best	
  the	
  results	
  of	
  their	
  
experimental	
  blending	
  
approach	
  can	
  be	
  used.	
  

Valida)on	
  
against	
  

independent	
  
sea	
  level	
  

observa)ons	
  
show	
  model	
  

improvements	
  



Assimila)on	
  experiment	
  –	
  	
  
storm	
  surge	
  case	
  example	
  

Peak	
  bias	
  reduc@on	
  15	
  cm	
  

29-­‐01	
  2002	
  09:00	
  



Agreed	
  working	
  procedures	
  for	
  eSurge	
  Handover,	
  
Maintenance,	
  Opera@ons,	
  Development	
  and	
  

Evolu@on	
  (MODE)	
  

eSurge	
  
development	
  

system	
  

Opera)onal	
  
system	
  	
  

Under	
  JRC	
  
responsibility	
  

Ops 
System	
  Suite	
  Ver.	
  n	
  

Dev 
System	
  Suite	
  n+1	
  

eSurgeDev:	
  Parallel	
  suite	
  (Version	
  
n+1)	
  for	
  scien@fic	
  development	
  

and	
  maintenance.	
  	
  Ac@vi@es	
  
requested	
  by	
  GDACS	
  via	
  OMDE	
  
and	
  implemented	
  via	
  eSurge	
  
Expert	
  Support	
  Team	
  (EST)	
  

MODE	
  Management:	
  Rela@onship,	
  
cost	
  and	
  job	
  	
  management	
  between	
  

GDACS	
  (customer)	
  and	
  eSurge	
  
(provider)	
  

eSurgeOps:	
  Opera@onal	
  eSurge	
  
(Version	
  n)	
  	
  

Parallel	
  suite	
  (ver.	
  n+1)	
  is	
  
developed	
  by	
  eSurge	
  to	
  support	
  

opera@ons.	
  	
  	
  

eSurge	
  Expert	
  
support	
  Team	
  

(EST)	
  







Training	
  Event:	
  Cork	
  2014	
  

• High	
  interest	
  in	
  using	
  satellite	
  data	
  more,	
  either	
  
to	
  augment	
  exis@ng	
  data	
  or	
  for	
  new	
  ways	
  of	
  
working.	
  

• At	
  moment	
  direct	
  interest	
  is	
  in	
  winds	
  data.	
  

•  Significant	
  	
  interest	
  in	
  using	
  al@metry	
  
opera@onally,	
  and	
  especially	
  the	
  Virtual	
  @de	
  
gauges	
  concept.	
  

• Need	
  for	
  more	
  discussion	
  and	
  networking	
  
between	
  different	
  skill	
  groups,	
  working	
  towards	
  
collabora@ve	
  solu@ons.	
  

• Courses	
  such	
  as	
  these	
  are	
  fundamental	
  to	
  
developing	
  a	
  new	
  storm	
  surge	
  EO	
  community.	
  

Key	
  conclusion:	
  course	
  was	
  too	
  short!	
  



Key	
  successes	
  

•  Building	
  storm	
  surge	
  network	
  (SSN),	
  developing	
  a	
  scien@fic	
  community	
  where	
  
there	
  was	
  none	
  before,	
  and	
  mee@ng	
  pent-­‐up	
  demand	
  from	
  many	
  users.	
  

•  Developing,	
  implemen@ng	
  and	
  opera@ng	
  a	
  powerful	
  and	
  flexible	
  system	
  
(SEARS)	
  and	
  web	
  front	
  end	
  to	
  allow	
  users	
  to	
  visualise	
  and	
  access	
  data	
  for	
  
Storm	
  Surge	
  applica@ons.	
  

•  Developing	
  a	
  new	
  al)metry	
  processor,	
  ALES,	
  tuned	
  to	
  the	
  Storm	
  Surge	
  
applica)on	
  and	
  improving	
  previous	
  al@metry	
  processors	
  providing	
  seamless	
  
opera@on	
  in	
  open	
  ocean	
  and	
  coastal	
  zones.	
  

•  Demonstra@ng	
  and	
  promo@ng	
  how	
  al@metry	
  can	
  be	
  used	
  opera@onally	
  for	
  
Storm	
  surge	
  predic@on	
  and	
  thus	
  paving	
  the	
  way	
  for	
  applica)on	
  of	
  Sen)nel	
  3	
  
SRAL	
  data.	
  

•  Providing	
  the	
  first	
  EO	
  storm	
  surge	
  training	
  material	
  on	
  the	
  web,	
  as	
  well	
  as	
  the	
  
first	
  such	
  course	
  that	
  we	
  are	
  aware	
  of.	
  

•  Extending	
  user	
  base	
  for	
  high-­‐resolu@on	
  wind	
  data	
  and	
  al@metry	
  data.	
  



Forecast	
  forecast	
  weather	
  system	
  including	
  tropical	
  cyclone	
  characteris6cs	
  

Wind	
  field	
  and	
  wind	
  stresses	
  

Atmospheric	
  force	
  
observa6on	
  

(Rainfall,	
  temperature,	
  etc.)	
  

Rainfall	
  Runoff	
  model	
  

Wave	
  model	
   River	
  model	
  Surge	
  model	
  

Surface	
  water	
  observa6on	
  
(River	
  flow,	
  Storage,	
  Water	
  

level,	
  etc.)	
  

Boundary	
  condi6ons	
  
Boundary	
  condi6ons	
  

Ocean	
  force	
  observa6on	
  
(Wave,	
  Sea	
  Surface	
  Height	
  

Anomaly,	
  Tide	
  anomaly,	
  etc.)	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Inunda6on	
  model	
  

Input	
  to	
  Decision	
  Making	
  Support	
  

(coupled)	
   (coupled)	
  



“eSurge	
  represents	
  the	
  "coming	
  of	
  age"	
  for	
  coastal	
  al$metry	
  and	
  satellite	
  data	
  in	
  
support	
  of	
  storm	
  surge	
  forecas$ng.	
  Its	
  value	
  is	
  underlined	
  by	
  the	
  fact	
  the	
  the	
  
JCOMM	
  Expert	
  Team	
  on	
  Waves	
  and	
  Coastal	
  Hazards	
  (ETWCH)	
  has	
  adopted	
  the	
  
eSurge	
  project	
  under	
  its	
  intersessional	
  workplan	
  ….	
  

“eSurge	
  also	
  acted	
  to	
  galvanise	
  the	
  interna$onal	
  storm	
  surge	
  community,	
  as	
  can	
  
be	
  seen	
  from	
  the	
  enthusias$c	
  uptake	
  of	
  the	
  training	
  workshops.	
  It	
  is	
  my	
  inten$on	
  
that	
  the	
  interna$onal	
  storm	
  surge	
  community	
  should	
  unite	
  with	
  the	
  wave	
  
modelling	
  community	
  through	
  the	
  biennial	
  Wave	
  Forecas$ng	
  and	
  Hindcas$ng	
  
Workshops.	
  Storm	
  surges	
  should	
  become	
  a	
  permanent	
  element	
  of	
  this	
  mee$ng	
  
and	
  within	
  the	
  programme	
  there	
  is	
  a	
  clear	
  need	
  for	
  a	
  satellite	
  observa$on	
  
component.	
  	
  

“As	
  Chair	
  of	
  the	
  ETWCH	
  I	
  will	
  ensure	
  that	
  this	
  unifica$on	
  takes	
  place	
  and	
  that	
  the	
  
value	
  of	
  satellite	
  observa$ons	
  are	
  recognised”	
  

Kevin	
  Horsburgh,	
  NOC,	
  ETWCH	
  and	
  JCOMM	
  Chairman	
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A long-term operational perspective… 

S-1 A/B/C/D 

S-1 E/F Second Generation 

S-2 A/B/C/D 

S-2 E/F Second Generation 

S-3 A/B/C/D 

S-3 E/F Second Generation 

S-4 A/B 

S-5 Precursor 

S-5 A/B/C 

S-6 J-CS A/B 

S-6 J-CS Second Generation 

Access to Contributing Missions 
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Sentinel-6 / JASON-CS: 
Reference Orbit  

Sentinel-3: Polar 
Orbit 

The Copernicus Altimetry Constellation 
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S6 reference orbit and S3 sun synchronous polar 
orbit of the Copernicus altimetry constellation 

Sentinel-3A 
Sentinel-3B 
Sentinel-6/JASON-CS 



ESA Presentation | DD/MM/YYYY | Slide  45 

ESA UNCLASSIFIED – For Official Use 

•  The Sentinel-6 orbit is complementary to Sentinel-3 

Orbit complementarity 
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Main satellite characteristics 
•  1250 kg maximal mass 
•  Volume in 3.89 m x 2.202 m x 2.207 m 
•  Average power consumption of 1100 W 
•  Large cold face for optical instruments thermal control 
•  Modular accommodation for a simplified management of 

industrial interfaces 
•  7.5 years lifetime (fuel for 5 add. Years) 

•   Launch S3A 2015 
•   Launch S3B 18 months later  
Observation: 

•   1 ground contact per orbit  
•   3h delivery timeliness (from satellite sensing) 

Sea and Land 
Surface 

Temperature 
Radiometer 

Ocean and 
Land Colour 
Instrument 

Microwave  
Radiometer 

SAR Radar 
Altimeter 

X-band 
Antenna 

DORIS 
Antenna 

S-band 
Antenna 

Laser 
retro-

reflector 

GPS 

Sentinel-3: The Copernicus Medium 
Resolution Ocean and Land Mission 
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Orbit type 
Repeat cycle 
LTDN 
Average altitude 
Inclination 

Repeating frozen SSO 
27 days (14 + 7/27 orbits/day) 

10:00 
815 km 
98.65 deg 

Sentinel-3: Satellite Orbit details 

1 Repeat Cycle 
(27 days) 

2 days 

Ground Track Patterns 

S3-A S3-B 

Instrument Swath Patterns 

1400 km SLSTR (nadir) 

740 km SLSTR (oblique) 

1270 km OLCI 

SRAL (>2 km) and MWR (20 km) 
nadir track 

SRAL tracks at the equator: 
S3A = 104 km track separation  

S3A+B = 52 km separation 

SRAL orbit drivers: 
•  Ground track repeatability,  
•  Dense spatial sampling 
Orbit control requirement:  
•  Ground track dead-band ±1km 
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SRAL: Technical Status 
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Jason-CS/Sentinel-6 

Data Processing 

Pulse limited echo 2D FFT power  
processed from a burst 

Level1B-S:  
Stack Power echoes 
from complex stack 

allow surface 
characterisation 

Azimuth Processing provides Complex Stack Data (L1B-S) and 
Multi-looked echoes (L1B) 

Level 1B:  
Multi-Looked Power 

echoes


Level 1A  provides complex echoes 
at the instrument timing: Allowing 
azimuth and Brown echo generation  

-dφ/dt 

+dφ/dt 

LR HR 
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Sentinel-6/Jason-CS mission  

1. The Sentinel-6/Jason-CS mission continues the long 
and successful ocean topography missions which 
started 1992 with the French/US cooperation on 
Topex-Poseidon and which are continued until today 
with the Jason missions. Jason-2 is operational since 
2008 and Jason-3 is planned to be launched 2015.  

2. S6/JCS-A is expected to launch in ~2020 and S6/JCS-
B in ~2026 
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•  The Platform Structure end Phase B2 

The Platform and Payload 

Star Trackers 

Radiometer 
antenna AMR-C 

GNSS-RO : Radio 
Occultation front 
antenna (secondary 
mission) 

Radar Altimeter 
antenna 

S-band antenna 
downlink 

X-band antenna -
science downlink 

DORIS 
 antenna 

GNSS-POD 
antennas 

GNSS-RO POD 
antenna 
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S6/JCS Mode mask analysis 
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Jason-CS/Sentinel-6 

Low Level Requirements 
(Low Resolution) 

Jason-3 
(cm) 

Jason-CS 
(cm) 

Instrument range noise 
(MLE-3) 

1.7 1.5 (1.25) 

Ionosphere 0.5 0.5 
Sea State Bias 2 2 
Dry Troposphere 0.7 0.7 
Wet troposphere 1.2 1 
Altimeter Range RSS 3 2.83 (2.7) 
•  Blue= requirement : Red=theoretical 
•  Based on Non-Time Critical Product 
•  Jason-CS adopts the goals for Jason-3 as requirement  
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Impacts on Processing 
Algorithm 

There are a number of side-effects 
•  Low PRF -> Ambiguity that needs handling 
•  Volume reduction via RMC (echo cut off) 

Courtesy, isardSAT 

Courtesy, Thales-Alenia Space 



•  BUT: SAR technology is new and complex # Further work required to understand 
all in-orbit conditions and emerging processing approaches. 

•  NEW S3 SAR L1A products will be produced and made available to users. 

  S-3A: First mission to provide 100% SAR altimetry coverage 

Product 
Level 

Product 
Description 

Relevance for 

L1A Unpacked L0 
data processed 
to engineering 
parameters 
with geo-
location 
information 

Fundamental studies 
on SAR processing 
such as Doppler beam 
formation and 
calibration studies 
using ground-based 
Transponders 

L1B-S Geo-located, 
Calibrated 
gathered 
azimuth formed 
complex (I and 
Q) power 
echoes after 
slant/Doppler 
range 
correction 

Geophysical retrieval 
algorithm developers 
(over ocean, land and 
ice surfaces), surface 
characterisations 
studies (e.g. impact of 
sea state bias, wave 
directional effects etc) 
and QC systems 

L1B Geo-located, 
Calibrated 
Multi-looked 
power 
waveforms 

geophysical retrieval 
algorithm developers 
and QC systems 

•  Expected advantages of L1A: 
•  Foster a new generation of SAR altimetry 

specialists maintaining Europe at the 
competitive edge 

•  Enhance maintenance and development 
of existing and new products over the 
Earth surface (ocean, ice and land) within 
Copernicus 

•  Enhance uptake, application, and quality 
control (e.g. transponder calibration) of 
SRAL SAR data products by the Copernicus 
user community 

•  Reduce large-scale reprocessing efforts 
(because starting from intermediate L1 
products rather than from L0) 

SRAL: Changed observation scenario to 100% SAR 



Summary 

–  ESA Member States have a diverse range of past, present and 
future satellite missions that are directly relevant to coastal altimetry 

–  The role of Copernicus in the near future will result in an enormous 
jump in Earth Observation capability, complemented by the Earth 
Explorers and Meteorological Missions 

–  Altimetry sampling “is what it is”:  That does not mean that we 
should ignore the data…we shall use it! 

–  Need to be in Orthometric heights (TG+ALT@coast) – and 
integrated with Fiducial Reference Measurements (FRM) 

–  This talk did not even consider other complementarity missions 
that are relevant to water level impacts: local wind speed and wave 
measurements, coastal inundation mapping (pre- and post event), 
hydrodynamic modeling, coastline mapping, storm track and intensity 
estimation…  

–  The challenge is to be ready to fully exploit satellite data and drive 
the applications forwards… 

This is exactly what Sea Level Space Watch is about. 



Thank you - any 
questions? 
For more information http://www.esa.int  

Contact: craig.donlon@esa.int   


